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G. N. Trusov, S. R. Borisova 

Branch of t h e  L. Y a .  Kalpov Physico-Chemical I n s t i t u t e  

ABSTRACT 

Chlorine ion iza t ion  w a s  s tud ied  with carbon and graphi te  

e lec t rodes ;  iod ine  w a s  studied on a tungsten e lec t rode .  It is  

found t h a t  t he  cur ren t  increase on the  tr i-phase boundary is  

r e l a t e d  t o  the  d i f fus ion  increase through the  t h i n  l aye r  of 

m e l t .  /3 dilTA.(QR 

An inves t iga t ion  of ha lo id  ion iza t ion  i n  fused salts  is  of i n t e r e s t  /709* 

with respec t  t o  t h e  development of s tud ie s  on high-temperature hea t  cells, i n  

which a ha lo id  i s  employed as t h e  oxidizer (Ref. 1 ) .  A t  l a r g e  loadings, the  

cu r ren t  output from t h e  e lec t rodes  is determined by t h e  ha lo id  ion iza t ion  rate. 

Therefore, a de t a i l ed  study of t h i s  reac t ion  must be of a s s i s t ance  i n  developing 

unpolarized gas e lec t rodes  f o r  t h i s  type of hea t  cell.  

This art icle describes the  r e s u l t s  derived from studying the  ion iza t ion  

r eac t ion  of ch lor ine  and iodine. Chlorine ion iza t ion  w a s  s tud ied  with carbon 

and g raph i t e  e lec t rodes .  

t h i s  i s  an almost nonporous material .  

s tud ied  on a tungsten e lec t rode ,  which is  i n e r t  with respec t  t o  iodine a t  high 

Electrodes made of py ro ly t i c  graphi te  were employed; 

The ion iza t ion  r eac t ion  of iodine w a s  

* 
Note: Numbers i n  the  margin ind ica te  pagination i n  t h e  o r i g i n a l  foreign 

t e x t .  
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temperatures (Ref. 2) .  The following salts w e r e  employed as t h e  e l e c t r o l y t e s :  

s i l v e r  chloride,  lead chloride,  an e u t e c t i c  mixture of l i th ium chlor ide  and 

potassium chloride.  

iod ine  salt .  

Iodine ion iza t ion  w a s  s tud ied  i n  t h e  m e l t  of a lead  

The ion iza t ion  of chlorine and iod ine  w a s  s tud ied  i n  a two-electrode 

element. It follows from (Ref. 3) t h a t  t h e  l i b e r a t i o n  of ch lor ine  and iod ine  

from m e l t s  of their salts i n  graphi te  occurs without overvoltage - a t  least /710 

up t o  cur ren ts  on t h e  order t o  10 a/cm*. 

po la r i za t ion  during t h e  l i b e r a t i o n  of ch lor ine  i n  s p e c i a l  experiments i n  a 

three-electrode element. Based on t h i s  f a c t ,  i n  a two-electrode element - 
when both e lec t rodes  are located i n  an atmosphere of ch lor ine  o r  iod ine  - t h e  

po la r i za t ion  of t h e  element is r e l a t ed  t o  the  po la r i za t ion  of t h e  cathode and 

t h e  ohmic voltage decrease when a current is passed through. 

vo l tage  decrease a f t e r  t h e  cur ren t  w a s  shut o f f ,  which w a s  recorded by means of 

an osc i l lograph ,  it w a s  found t h a t  i n  our case at  current d e n s i t i e s  up t o  

10’’ a / c m 2  t h e  po la r i za t ion  component, which i s  r e l a t e d  t o  t h e  ohmic e lec t ro-  

l y t e  resistance, represents  an ins ign i f i can t  por t ion  of t he  t o t a l  po lar iza t ion .  

Figure 1 shows a drawing of the device employed i n  t h e  experiments on t h e  

We found t h a t  t he re  is  no chemical 

Based on t h e  

i o n i z a t i o n  of chlorine.  The e lec t rodes  t o  be s tudied  w e r e  i n  t h e  form of t h i n  

rods having a diameter of 2 mm. The lower e lec t rode  made of p y r o l i t e  graphi te  

w a s  s ea l ed  i n t o  a Pyrex tube, whose upper por t ion  w a s  f i l l e d  with t h e  fused 

salt .  As a r e s u l t  of employing t h i s  construction, t h e  lower e lec t rode  could 

ope ra t e  as an e lec t rode  which d id  not have a three-phase boundary. The upper 

e l e c t r o d e  w a s  interchangeable, and i n  addi t ion  t h e  he ight  of 

s e c t i o n  could be changed during the  experiment. 

i t s  immersed 

The device shown i n  Figure 2 w a s  employed i n  experiments on iodine /711 
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Figure 1 

Device f o r  Chlorine Ioniza t ion  

1 - Electrodes t o  be studied; 2 - Fused salts;  3 - Pyrex 
beaker f o r  t he  m e l t ;  4 - Graphite rods; 5 - Tungsten leads; 
6 - Teflon stopper;  7 - Rubber stopper;  8 - Container f o r  
thermocouple; 9 - Quartz housing; 10 - Lead f o r  chlorine; 
11 - Lead f o r  argon 

ioniza t ion .  It w a s  a Pyrex tube with two tungsten seals. The salt ,  a por t ion  

of i od ine  which would have t o  produce a pressure equalling one atmosphere a t  a 

temperature of 5OO0C, w a s  placed i n  the  tube. The device w a s  evacuated with a 

f o r e  pump and sealed off under a vacuum. 

The current-potential  curves were recorded by means of an osc i l lographic  
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Figure 2 

Device fo r  Iodine Ioniza t ion  

1 - Tungsten electrodes;  2 - Fused sal t  

OP-1-61 polarograph; s m a l l  changes were made i n  it due t o  the  necess i ty  of 

operating with cur ren ts  on t h e  order of severa lmi l l iamperes .  I n  the  experi- 

ments described i n  t h i s  art icle,  the rate a t  which t h e  p o t e n t i a l  applied t o  t h e  

e l ec t rodes  w a s  changed, w a s  0.1 v/sec. 

Figure 3 shows t y p i c a l  curves f o r  ch lor ine  ion iza t ion  on a carbon elec- 

t rode  i n  a AgClmelt recorded a t  d i f f e ren t  temperatures. 

a l s o  obtained f o r  t h e  m e l t  of t h e  e u t e c t i c  mixture K C 1  + L i C l  on a carbon elec- 

t rode .  It must be noted t h a t  t h e  reproducib i l i ty  of curves f o r  silver ch lor ide  

i s  b e t t e r  than f o r  t h e  eu tec t i c .  One c h a r a c t e r i s t i c  of a carbon e lec t rode  is 

the  absence of a maximum curren t  area a t  r a t h e r  high cathode po ten t i a l s .  

d i f f i c u l t  t o  explain t h e  mechanism by which t h e  carbon e lec t rode  operates on 

S i m i l a r  curves were 

It is  
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Figure 3 

Curves Showing Dependence of Current Density on P o t e n t i a l  i n  
a M e l t  of AgCl S a l t  a t  Different Temperatures on a Carbon Electrode 

t h e  b a s i s  of t h e  ion iza t ion  curves recorded f o r i t , d u e  t o  t h e  complex and r a t h e r  

uncer ta in  s t r u c t u r e  of t h e  tri-phase boundary. 

be thrown on t h i s  subjec t  by studying t h e  ion iza t ion  process on almost non- 

porous p y r o l i t i c  graphite.  

A c e r t a i n  amount of l i g h t  can 

Figure 4 shows the  curves f o r  t h e  cur ren t -poten t ia l  density recorded f o r  

a completely immersed e lec t rode  made of p y r o l i t i c  graphi te  f o r  t he  m e l t s  of t h e  

AgCl, PbC12 and K C 1  + L i C l  salts. 

cu r ren t  dens i ty  on p o t e n t i a l  on an e lec t rode  with a tr i-phase boundary f o r  m e l t s  

of t h e  AgCl and K C 1 +  L i C l  salts. The curves obtained f o r  a completely immersed 

e l ec t rode  have a s m a l l  maximum curren t  area (curve 1). Curves recorded f o r  an 

e l e c t r o d e  with a boundary (curve 2) have cur ren t  values which are somewhat 

g r e a t e r  than f o r  fully-immersed electrodes.  

ad jacent  t o  t h e  e lec t rode ,  of t h e  m e l t  on t h e  tr i-phase boundary plays 

c e r t a i n  ro l e .  I n  con t r a s t  t o  aqueous so lu t ions  (Ref. 4 ) ,  i n  which the  e lec t rode  

Figures 5 and 6 show t h e  dependence of t h e  

This i nd ica t e s  t h a t  t he  t h i n  l aye r ,  

a 
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Figure 4 

Curves Showing Dependence of Current Density on P o t e n t i a l  on a 
P y r o l i t i c  Graphite Electrode a t  a Temperature of 52OOC i n  Melts of 

Di f fe ren t  S a l t s :  1 - PbC12; 2 - AgC1; 3 - L i C l  - R C 1  

i s  moistened by t h e  e l e c t r o l y t e  - forming t h i n  fi lms which are r a t h e r  extended, 

and which play a l a r g e  r o l e  i n  the  current formations on t h e  porous e lec t rodes  - 
t h e  AgCl m e l t  does not w e t  t he  graphite,  as can be seen from t h e  following con- 

s ide ra t ions ,  i n  con t r a s t  t o  t h e  m e l t s  of a l k a l i  and alkai e a r t h  m e t a l  salts 

(Ref. 5). 

t h i n  l a y e r  of m e l t  on the  tr i-phase boundary, through which in t ense  d i f fus ion  

of ch lor ine  takes place. 

Probably, t h e  cur ren t  increase is r e l a t e d  t o  the  operation of t h e  

/ 712 

The assumption t h a t  t h e  current increase on the  tr i-phase boundary i s  

r e l a t e d  t o  the  d i f fus ion  increase  through t h e  t h i n  l a y e r  of m e l t ,  and 

not  t o  the  rap id  d i f fus ion  of chlorine along t h e  e lec t rode  sur face ,  is  sub- 

s t a n t i a t e d  by t h e  following experiment. The e lec t rode  t o  be s tudied  w a s  care- 

f u l l y  immersed t o  a ce r t a in  depth i n  the  m e l t .  

(Figure 5) f o r  the cur ren t  magnitude only s l i g h t l y  exceeded t h e  cu r ren t s  f o r  

a f u l l y  immersed e lec t rode ,  while the cu r ren t s  i nc reasedby  

of magnitude a f t e r  t h e  e lec t rode  was ca re fu l ly  pulled out a s m a l l  d i s tance  

(Figures 5, 6 ,  curve 3 ) .  Light tapping on t h e  e lec t rode  ( fo r  experiments i n  

a AgCl melt) l ed  t o  a cur ren t  decrease down t o  t h e  i n i t i a l  value when it  w a s  

The curves thus recorded 

almost one order 
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Figure 5 

Curves Showing Dependence of Current Density 
on P o t e n t i a l  i n  t he  L i C l  - KC1 Eu tec t i c  M e l t  

a t  a Temperature of 57OOC on P y r o l i t i c  Graphite 
Electrodes. 

immersed. 

pu l led  out of t h e  m e l t ,  a f i lm  w a s  formed due t o  mechanical adhesion 

su r face  i r r e g u l a r i t i e s .  This f i lm  led t o  a cur ren t  increase ,  but i t  read i ly  

decreased when the  e lec t rode  w a s  shaken. 

melt-electrode boundary. 

This can be explained by t h e  f a c t  t h a t ,  when t h e  e lec t rode  w a s  

with t h e  

A bulging meniscus w a s  formed on t h e  

Curves showing t h e  density of t h e  cur ren t -poten t ia l  (Figure 7) f o r  iod ine  

ion iza t ion  w e r e  recorded f o r  f u l l y  immersed e lec t rodes  and f o r  p a r t i a l l y  immersed 

e l ec t rodes  made of tungsten i n  a PbJ2 sal t  m e l t .  

It can be seen from Figure 7 t h a t  f o r  iodine,  just as f o r  ch lor ine ,  t h e  

presence of t h e  tr i-phase boundary leads t o  a cur ren t  increase.  The magnitude 

 of t h e  maximum cur ren ts  is one order of magnitude g rea t e r  f o r  iodine than i t  

This r e l a t i v e  in- i s  f o r  ch lor ine  i n  a PbC12 m e l t  a t  the  same temperatures. 

crease i n  the  maximum curren t  can be explained by the  g r e a t e r  s o l u b i l i t y  of 
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Figure 6 

Curves Showing Dependence of Current Density 
on P o t e n t i a l  i n  a AgCl S a l t  M e l t  a t  a 

Temperature of 6OOOC on P y r o l i t i c  
Graphite Electrodes. 

iod ine  i n  a m e l t  of i t s  sal t  than tha t  of chlorine.  

Comparing cur ren ts  obtained during ion iza t ion  of ch lor ine  on a carbon /713 

e l ec t rode  and on an e l ec t rode  made of p y r o l i t i c  graphi te ,  one can see 

t h a t  they d i f f e r  by a f a c t o r  of 100. 

fused salt of A g C l  does not w e t  t h e  carbon, and consequently does not f i l l  t h e  

Taking t h e  f a c t  i n t o  account t h a t  t h e  

e l ec t rode  pores, w e  can see t h a t  the sur face  where the  m e l t  contacts t h e  porous 

e l ec t rode  can not  be increased by two orders of magnitude, due t o  an increase  

i n  t h e  roughness of t h e  carbon working sur face ,  as compared with t h e  g raph i t e  

e lec t rode .  I n  t h i s  case, the re  is  a cur ren t  increase  which can probably be  

explained by an increase  i n  the  tr i-phase boundary length,  which i s  g r e a t e r  

than 100 cm pe r  cm2 f o r  carbon. 

A s  can be seen from Figure 5, i f  t h e  cur ren t  increase  due t o  t h e  formation 
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Figure 7 

Curves Showing Dependence of Current 
Density on Po ten t i a l  i n  a PbJ2 M e l t  
a t  a Temperature of 500°C f o r  Tungsten 

Electrodes. 

of a tri-phase boundary with a length of 5 mm i s  30-50% of t h e  cur ren t  f o r  a 

f u l l y  immersed e lec t rode  equal l ing  0.4 ma/cm2,  then t h e  simple increase  i n  

t h e  tr i-phase boundary may explain the observed values f o r  cur ren ts  on a 

carbon electrode. 

e l ec t rode  is complicated by the  w e t t a b i l i t y  of t h e  carbon 

nec t ion  with t h e  be t t i ng"  of t h e  

changes i n  i t s  po la r i za t ion  cha rac t e r i s t i c .  

For a K C 1  - L i C l  e u t e c t i c ,  t h e  operation of t h e  carbon 

by t h e  m e l t  i n  con- 

electrode, which probably explains the  time 

I n  conclusion, w e  would l i k e  t o  express our deep apprec ia t ion  t o  M. A. 

Avdeyenko f o r  h i s  a s s i s t ance  i n  performing t h i s  work. 
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